Introduction
Nonalcoholic fatty liver disease (NAFLD) is the most common chronic liver disease encircling a histological scale progressing from simple steatosis to steatohepatitis, and fibrosis. 1 The global prevalence of NAFLD is 25.24% with a prevalence in the Indian population ranging from 9% to 32%. 2, 3 The precise etiology of NAFLD is unknown; however, there are strong associations with obesity, metabolic/insulin resistance (IR) syndrome and dyslipidemia. 4 IR is the key factor in the pathogenesis of NAFLD and is deeply entangled with the progression of fatty liver to advanced stages of fibrosis and cirrhosis. 5, 6 A meta-analysis concluded that obesity is a universal, well-reported and independent risk factor for NAFLD.
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ali Khan et al regressing established fatty infiltration in the liver. Dietary intervention is an effective weight control strategy for the management of obesity. Very few patients are capable of maintaining reduced body weight and show improvement in fatty liver risk factors through dietary modification alone owing to lack of consistent dietary restrictions. 8 Till date, there is no approved and established treatment for NAFLD. 4, 9 Orlistat promotes weight loss through reduction of fat absorption from the intestine and has a relatively better side effect profile when compared with other weight loss medications. 4, 10, 11 Some evidence show beneficial effects of treatment with this agent in obese patients with NAFLD. [12] [13] [14] Periostin, a matricellular protein, actively contributes to tissue injury, fibrosis, atherosclerosis and inflammatory diseases. Periostin is positively associated with NAFLD, promotes liver steatosis and hypertriglyceridemia, and plays an important role in the progression of steatohepatitis, inflammation and fibrosis. [15] [16] [17] A recent clinical study has suggested that periostin can be used as a potential novel biomarker in the management of NAFLD. 18 Adiponectin, a protective adipokine, antagonizes hepatic lipid accumulation in addition to insulin-sensitizing, antiinflammatory and antifibrotic effects. Decreased adiponectin levels play a pivotal role in the pathogenesis of NAFLD. [19] [20] [21] Tumor necrosis factor (TNF)-α and interleukin-6 (IL-6), proinflammatory cytokines secreted from various cells/tissues including adipose tissue, also play a vital role in the pathogenesis of NAFLD. [22] [23] [24] Recent clinical studies have suggested that drugs that reduce the levels of serum periostin and inflammatory markers, and elevate serum adiponectin level may provide a better treatment strategy for NAFLD. 20, 25 Thus far, no therapeutic strategies have focused on the downregulation of periostin to improve steatosis, inflammation and fibrosis. This study was aimed to evaluate the effect of orlistat on ultrasound (US) grades of fatty liver, and on serum levels of periostin, adiponectin, TNF-α and IL-6. In addition, study group also attempted to explore the potential correlation between US grades of fatty liver and these biomarkers in obese NAFLD patients.
Materials and methods
Study design
This prospective observational study was conducted over a 16-week period in a clinical setting at the Hamdard Institute of Medical Sciences & Research (HIMSR), Jamia Hamdard, New Delhi, India, from April 2015 to September 2016. After obtaining approval from the Jamia Hamdard Institutional Ethics Committee (JHIEC), India, the study was conducted in agreement with the principles enumerated in the Declaration of Helsinki (Brazil, October 2013), 26 and adhered to the WHO standards for observational studies. The statement for Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) was strictly followed in reporting observations for this study (STROBE checklist, Table S1 ). 27 Patients were enrolled in this study only after obtaining written consent through an informed consent form (Figure 1 ).
Patient recruitment
Obese NAFLD patients were identified through laboratory investigations, clinical findings and US imaging. Treatments (orlistat, 120 mg, three times a day with hypocaloric diet or hypocaloric diet only) were given to obese, adult NAFLD patients of both genders as decided by the treating clinician along with the guidance of a dietician. Based on the intervention, the patients were enrolled in the study, either into orlistat treatment group (orlistat with hypocaloric diet) or diet control group (hypocaloric diet only). Patients were excluded from the study for any of the following reasons: pregnant or nursing women; a history of drug abuse; medical history of diabetes, asthma, serious gastrointestinal, heart, kidney, mental and bone diseases; .4 kg weight loss within previous 3 months; use of other weight loss treatments, or consumption of other steatosis-causing drugs such as calcium channel blockers, tamoxifen, amiodarone, prednisolone, corticosterone and methotrexate; a known cause for their increased liver enzyme levels such as viral hepatitis (B or C); any history of surgery within the previous 6 months; history of alcohol consumption of .20 g/day over the past 2 years, and recent changes in smoking habits (Figure 1 ). Orlistat intake was confirmed by prescription and through patient interviews during clinic visits.
sample size calculation
No previous study have evaluated the effect of orlistat on serum periostin levels, so required sample size was calculated based on the results of a pilot study, in pre-and post-design manner, involving 10 patients at α=5%. It was determined that 40 patients were required to provide 80% statistical power and 55 patients were required for 90% statistical power of the study.
Clinical and biochemical assessment and follow-up 
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Effect of orlistat in obese NAFLD patients visit of the patients. Anthropometric measurements and biochemical parameters, including total cholesterol (TC), triglycerides (TG), low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol, alanine aminotransferase (ALT), aspartate aminotransferase (AST), fasting and postprandial blood glucose levels, glycated hemoglobin (HbA1c), fasting plasma insulin levels, complete blood count including hemoglobin, total leukocyte count, differential leukocyte count, neutrophils, monocytes, lymphocytes, eosinophils, red blood cell count, PCV/hematocrit, mean corpuscular volume, mean corpuscular hemoglobin, mean corpuscular hemoglobin concentration, platelet count and bilirubin, were determined using ELISA kits at the pathology center of HIMSR, New Delhi, at 0 and 16 weeks of orlistat treatment.
A homeostasis model assessment (HOMA) index was used to estimate IR using the following equation: HOMA index = (fasting plasma glucose level [mmol/L] × fasting plasma insulin level [µU/mL])/22.5. 28 At 0 and 16 weeks of treatment, 5 mL of blood serum from each enrolled patients was frozen at −70°C, and each serum sample was subsequently assessed for periostin, adiponectin, TNF-α and IL-6 levels, using ELISA kits. All estimations were performed in triplicate and were recorded as means ± standard deviations.
Diet and behavior modifications
Dietary guidance was given by both dietician and physician. The dietician educated patients about eating behavior including binge eating, control of portion sizes and other adverse habits. The dietician calculated patients' daily calorie requirement using the revised Harris-Benedict equation. 29 Patients were counseled to follow an individualized diet plan structured as per their hypocaloric diet requirement. Each diet 
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ali Khan et al chart monitored nutrients, making sure total energy was made up of 55% carbohydrate, 15% protein and 30% fat. Patients were asked to record a 7-day dietary intake and 24-h dietary recall, which were monitored twice in a month either during their clinic visits or through telephone enquiry.
Chemicals
Laboratory routine test kits were purchased from Roche Diagnostics (Indianapolis, IN, USA, and Mannheim, Germany) and Siemens Healthcare (Frimley, Camberley, UK). Periostin, TNF-α and IL-6 were measured using ELISA kits from Sincere Biotech (Beijing, People's Republic of China). Adiponectin was measured using ELISA kit from Assaypro (Charles, USA).
Imaging study
Fatty infiltration in NAFLD was assessed using US echogenicity of liver, by a radiologist, following no ,8 h of fasting, using a single system GE Voluson S6 US machine with 4C wide frequency convex transducer at 0 and 16 weeks of study treatments. Grading of fatty infiltrations of the liver was recorded according to standard structure documented in Goldberg textbook. NAFLD fibrosis score and BARD score NAFLD fibrosis scores (NFSs) and BARD scores were calculated to identify any advanced fibrosis at 0 and 16 weeks in both groups using the following equations:
. A low cut-off (score ,−1.455) excludes advanced fibrosis, whereas a high cut-off (score .0.676) indicates the presence of advanced fibrosis, and scores between these values are defined as indeterminate. 31 BARD score was calculated by assigning 0-2 points to the following three variables: AST/ALT ratio $0.8-2 points; a body mass index (BMI) $28-1 point; and the presence of diabetes -1 point. Low BARD scores (0 or 1) indicate high (96%) negative predictive value for advanced fibrosis. 32 
Statistical analysis
Descriptive statistics were used to analyze the demographic and clinical characteristics of the patients. Data were expressed as mean (SD) or median value (interquartile range). Kolmogorov-Smirnov and Shapiro-Wilk tests were carried out to identify normally distributed variables. Independent sample t-tests were used for between-group comparisons at baseline. Paired t-tests were used to evaluate within-treatment changes between baseline and the end of treatment, whereas between-treatment changes at the end of treatment were tested using one-way analysis of covariance with the initial value as a covariate. The Wilcoxon signed-rank test, or the Mann-Whitney U test, was used if nonparametric tests were required. Variables were correlated with Spearman's rho correlation analysis. The significance level was set at P-value ,0.05. Data were analyzed using a statistical software SPSS, version 21.0 (SPSS, Inc., Chicago, IL, USA). The sample size was calculated using a software G*Power version 3.1 (Heinrich-Heine-Universität, Düsseldorf, Germany).
Results
A total of 112 obese NAFLD patients received orlistat and followed hypocaloric diet, or followed a hypocaloric diet only. Patients were screened in accordance with study criteria. At the end of the study, 77 patients (n=45, orlistat group; n=32, diet control group) completed the study, as analyzed and displayed in Figure 1 . The primary reasons of patients for noncompletion of the study in orlistat group were mild gastrointestinal side effects, noncompliance with dietary restriction, financial difficulties, unwillingness to visit the center and commitment toward daily work; whereas switching to drug treatment and noncompliance with dietary restriction were the major reasons for not completing their study in diet control group.
All NAFLD patients were adults (orlistat group vs diet control group; mean age, 40.9±10.7 years vs 42.44±9.23 years) and obese (BMI 30.70±1.56 vs 29.99±1.52). In the orlistat group, 46.66% were women, compared with 43.75% women in the control group. There were no significant differences between the groups in demographic, clinical, laboratory, and US imaging characteristics; NAFLD fibrosis scores; and BARD scores at time 0 (Tables 1 and 2 ). 
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Effect of orlistat in obese NAFLD patients insignificant changes in serum ALT, AST and bilirubin levels ( Table 3) .
serum periostin, adiponectin, TnF-α and IL-6
The orlistat group demonstrated significantly greater reductions in serum periostin ( Figure 2 ) and TNF-α levels, and increase in serum adiponectin levels when compared with the diet control group. There were no significant changes in serum IL-6 levels in either treatment group (Table 3) .
Us imaging studies
The orlistat group exhibited more effective reversal of fatty liver infiltration by reducing the US grades of fatty liver when compared with the group treated with hypocaloric diet alone. The US grading of fatty liver was improved in 30 patients (66.67%) in orlistat group as compared to 14 patients (43.75%) of diet control group. Furthermore, US grading of fatty liver was not increased in any patient of orlistat group, whereas the progression of fatty liver by one US grade in four patients (12.5%), and two grades in one patient (3.12%) were reported in diet control group (Table 4) .
NAFLD fibrosis score and BARD score
Although orlistat group showed a slight improvement in NFS and BARD scores, but the improvements could not achieve statistical significance after 16 weeks of treatment. NFS scores and BARD scores were also not improved in diet control group (Table 4) .
Correlation analysis
The degrees of reduction in US grade were found to be significantly correlated with weight loss, decreases in serum 
Treatment outcome Weight loss and waist circumference
The orlistat group experienced significant greater weight reduction (6.31±1.47 vs 4.07±0.69 kg) with a marked decrease in waist circumference (WC) as compared to diet control group. However, BMI and waist-to-hip ratio (WHR) were not found to be significantly decreased between both groups after 16 weeks (Table 3) .
Clinical and biochemical characteristics
In the orlistat group, most of the metabolic variables showed improvement after 16 weeks of treatment. The serum levels of TC, LDL cholesterol, HDL cholesterol, TG, fasting blood glucose, plasma insulin levels and HOMA-IR values were significantly reduced in orlistat group as compared to the diet control group. Moreover, both groups showed 
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ali Khan et al periostin levels and increases in serum adiponectin levels in the orlistat group. There were no significant associations found between US grade reduction and change in serum TNF-α levels in the orlistat group (Table 5) . Moreover, orlistat group also showed a positive correlation between decreases in serum levels of periostin and TG (r s =0.319, P=0.032), and between weight loss and increases in adiponectin level (r s =0.374, P=0.011).
Discussion
Orlistat was suggested as a potential drug in the treatment of NAFLD, as it is recommended in the treatment of obesity, which is one of the major independent risk factors of NAFLD. However, the efficacy of orlistat in NAFLD has divisive findings and contrary reports in the previous studies. Though two small uncontrolled clinical studies and one largecontrolled study have shown the effectiveness of orlistat in the reversal of fatty infiltration and improvement in hepatic fibrosis in obese NAFLD patients. [12] [13] [14] However, in another clinical study by Harrison et al, 33 orlistat was not found to be effective in the treatment of nonalcoholic steatohepatitis (NASH). This study evaluated the role of orlistat in Indian obese NAFLD patients and documented the effect of orlistat on a novel biomarker, periostin, in obese NAFLD patients.
In this study, US of fatty liver after 0 and 16 weeks of orlistat treatment indicated that orlistat was more effective Notes: Data are expressed as mean ± standard deviation, % or median (interquartile range), **P-value is ,0.001 within groups, $ P-value is ,0.001 between groups, *P-value is ,0.05, within groups, # P-value is ,0.05 between groups. Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; DBP, diastolic blood pressure; F, female; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; HOMA-IR, homeostasis model assessment-estimated insulin resistance; IL-6, interleukin-6; LDL, low-density lipoprotein; M, male; PPG, postprandial glucose; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride; TNF-α, tumor necrosis factor alpha; ukat, unit for catalytic activity. 
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Effect of orlistat in obese NAFLD patients than hypocaloric diet in the reduction of US grades of fatty liver. This is due to the resulting reversal of fatty infiltration in liver. Orlistat also significantly improved metabolic variables including blood glucose level, insulin sensitivity, lipid profiles and liver enzymes. These findings are consistent to those found in previous clinical studies [12] [13] [14] and contrary to those reported by Harrison et al. 33 This difference could be attributed to the types of subjects that participated in the study by Harrison et al, 33 who were NASH patients with mean BMI 34, compared with this study wherein NAFLD patients (low NFS and BARD score) with mean BMI 30.70, were enrolled. The patients treated with orlistat showed a significant reversal in steatosis, as evidenced by US grades, but failed to improve fibrosis as insignificant decreases in NFS and BARD scores were observed. This was in agreement with the findings of Harrison et al. 33 It is well known that development of obesity as well as anti-obesity effect under orlistat treatment depends on dietary nature of patients. Most studies assessing the effects of orlistat on NAFLD have been performed on European populations, and their diets are different from those of the Indian population. [12] [13] [14] 34 Additionally, NAFLD can also be influenced by racial/ethnic background and genetic variation in specific genes. 35 In this study, we confirmed the beneficial effects of orlistat in Indian obese NAFLD patients without fibrosis.
Periostin plays a pivotal role in the development of obesity-induced hepatosteatosis in obese animal models. 16 Furthermore, Huang et al 16 also demonstrated a positive association between liver fibrosis with the upregulated expression of periostin in an animal model. Zhu et al 18 confirmed the role of periostin in the pathogenesis of NAFLD in a clinical study, possibly in the regulation of inflammation and insulin sensitivity. In line with the previous studies, [15] [16] [17] [18] this study explored the effect of orlistat on serum periostin levels in NAFLD patients and documented a greater reduction in serum periostin levels in comparison to hypocaloric diet.
Since orlistat is not considered to have direct systemic effect, reduction in serum periostin levels is explained indirectly by its effect on obesity and impaired glucose metabolism as documented by Luo et al, 36 who reported that periostin levels are positively and cumulatively regulated by obesity and impaired glucose metabolism. Their findings established a positive association between body fat parameters namely BMI, WC and WHR with periostin levels. They further reported strong associations between periostin and TG metabolism, chronic inflammation and IR, and demonstrated that TG, TNF-α and HOMA-IR were independent factors that influenced the periostin levels in Chinese obese patients. 36 A similar association was also reported by Amara et al 17 in an animal model. The findings of these studies were 
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ali Khan et al consistent with those of the current study in which orlistat produced a marked reduction in obesity and its related parameters, and showed notable improvement in impaired glucose parameters. Furthermore, orlistat also improved the levels of TG, TNF-α and HOMA-IR, and showed a positive correlation between levels of periostin and TG levels, which might be the major responsible factors in the downregulation of periostin levels. Another potential mechanism to explain the effect of orlistat on periostin levels could be the propensity for orlistat to lower circulating lipopolysaccharide (LPS) levels by acting on intestinal microbiota. 37 This is an important effect considering that LPS induced the periostin level in the animal model of cardiac fibrosis. 38 The effect of LPS on periostin levels has not yet been investigated in humans.
A significant positive correlation between the levels of periostin and NAFLD US grades was observed in the orlistat group. Hence, the effect of orlistat on grades of fatty liver might be due to indirect downregulation of periostin, which needs to be confirmed and elaborated in further studies.
A remarkable upregulation of adiponectin levels was observed in NAFLD patients, which is consistent with the conclusion of a recent systemic review. 20 In line with the previous studies, 34, 39 this study found a positive correlation of increased adiponectin level with weight loss in orlistat group supporting the assumption that adiponectin may be under a feedback regulation by reduction in body weight. 40 It was also noted that there was a positive correlation between increased adiponectin levels and the degree of reduction in NAFLD US grades in orlistat group, similar to the findings of Harrison et al. 33 This study also supports the agreement of the previous study that upregulation of adiponectin levels might be a therapeutic approach for the management of NAFLD. 19 In this study, orlistat was effective in decreasing serum TNF-α level but failed to show a significant effect on serum IL-6 levels when compared to the hypocaloric diet. Furthermore, the decrease in serum levels of TNF-α and IL-6 was not significantly associated with the degree of reduction in US grading, which might be due to the early stage of fatty liver in NAFLD patients.
In the present study, except minimal adverse effects like gastrointestinal distress (16%) and fecal incontinence (4%), no other serious adverse effects were reported with orlistat treatment.
Limitations
The first limitation of the present study is small sample size, especially in various grades of fatty liver. Secondly, this study used US imaging for assessing grades of fatty liver in place of liver biopsy, the gold standard for the assessment of fatty liver.
Conclusion
Orlistat could be an effective treatment for NAFLD patients without fibrosis. This study reported a downregulating effect of orlistat on serum periostin level first time. Furthermore, the reversal of fatty infiltration is positively associated with the downregulation of serum periostin and the upregulation of adiponectin after 16 weeks of orlistat treatment. Further clinical studies with different treatment modalities are needed to explore that downregulating periostin level might be an effective treatment strategy for improvement in fatty liver.
